We present an analysis of 98 galaxies of low-dust content, selected from the Spitzer Local Volume Legacy survey, aimed at examining the relation between the ultraviolet (UV) color and dust attenuation in normal star-forming galaxies. The IRX-β diagram relates the total dust attenuation in a galaxy, traced by the far-IR (FIR) to UV ratio, to the observed UV color, indicated by β. Previous research has indicated that while starburst galaxies exhibit a relatively tight IRX-β relation, normal star-forming galaxies do not, and have a much larger spread in the total-IR to far-UV (FUV) luminosity for a fixed UV color. We examine the role that the age of the stellar population plays as the "second parameter' responsible for the observed deviation and spread of star-forming galaxies from the starburst relation. We model the FUV to FIR spectral energy distribution (SED) of each galaxy according to two broad bins of star formation history (SFH): constant and instantaneous burst. We find clear trends between stellar population mean age estimators (extinction-corrected FUV/NIR, U−B, and EW(Hα)) and the UV color β; the trends are mostly driven by the galaxies best-described by instantaneous burst populations. We also find a significant correlation between β and the mean age directly determined from the best-fit instantaneous models. As already indicated by other authors, the UV attenuation in star-forming galaxies may not be recovered with the UV color alone and is highly influenced by the stellar population's mean age and SFH. Overall, the scatter in the IRX-β diagram is better correlated with β than with the perpendicular distance, d p .
INTRODUCTION
Obtaining detailed knowledge of the stellar populations of galaxies is one way to gain insight into the evolution and formation of galaxies in the universe. Studying the stellar populations that give rise to the observed spectral energy distribution (SED) of a galaxy supplies estimates of the star formation rate (SFR) along with the star formation history (SFH). A major obstacle to understanding the intrinsic SED of a galaxy is correcting for the ultraviolet (UV) and optical flux lost to dust attenuation, which is re-emitted in the infrared (IR). UV wavelengths, while the most susceptible to the effects of dust, constrain properties of the young stellar populations; longer wavelengths provide information on the older and more evolved stellar populations. Observations from the UV to the far-IR (FIR) can be used to constrain the amount of dust attenuation in a galaxy.
At high-redshift, where multi-wavelength information is often limited, correcting for dust attenuation in galaxies is commonly done with the so-called IRX-β relation, which relates the observed UV spectral slope (β), or the UV color, to the fraction of UV stellar emission absorbed by dust and re-emitted in the IR (expressed as the ratio L TIR /L FUV , where L TIR is the total dust luminosity in the IR and L FUV is the observed stellar emission at λ ≈ 1500Å). These two quantities are correlated in local starburst galaxies (Meurer et al. 1999 ) and in highredshift systems (Reddy et al. 2010 (Reddy et al. , 2012 . Therefore, the measurement of the UV spectral slope or color immediately yields an estimate of the total dust attenuation in the UV (Calzetti et al. 2000) . Conversely, no such tight correlation is found in more quiescent, "normal" star-forming galaxies, characterized by a SFR/area of SFR < 0.1 M ⊙ yr −1 kpc −2 (e.g, Calzetti et al. 2005 ) and global SFRs of a few M ⊙ yr −1 or less. Additionally, their SEDs are not dominated by a central AGN. We term these systems "normal star-forming galaxies" from now on.
Since the deviations of normal star-forming galaxies from the IRX-β relation was discovered (Buat et al. 2002) , great effort has been dedicated to studying the IRX-β diagram using the global flux of galaxies (Kong et al. 2004; Seibert et al. 2005; Buat et al. 2005; Johnson et al. 2007; Dale et al. 2007 Dale et al. , 2009 Gil de Paz et al. 2007; Hao et al. 2011 ) and spatially resolved galactic regions (Bell et al. 2002; Gordon et al. 2004; Calzetti et al. 2005; Popescu et al. 2005; Pérez-González et al. 2006; Thilker et al. 2007; Muñoz-mateos et al. 2009; Boquien et al. 2009 Boquien et al. , 2012 Mao et al. 2012 ). The normal star-forming galaxies on the IRX-β diagram show an order of magnitude scatter compared to the relatively tight starburst IRX-β relation. Currently, no accurate, small-scatter IRX-β relation for normal star-forming galaxies exists nor is there agreement on the underlying physical cause of the spread.
The main difficulty of the studies of normal starforming galaxies conducted so far is discriminating effects of dust attenuation (variations in dust geometry and extinction curve) from effects of age spread/SFH in the stellar populations. The main reason is that chang-ing dust geometry and a larger contribution from evolved stellar populations can both make β larger. Extant studies tend to adopt simplifying assumptions for the dust geometry, typically a foreground distribution, which is then parametrized to allow variations in the effective attenuation (e.g., Boquien et al. 2012) . These assumptions can have effects on the final results that can be difficult to test or control, as complex dust geometries affect β in ways that foreground geometries cannot implement (e.g., Calzetti 2001; Calzetti et al. 2005) . Kong et al. (2004) were the first to suggest that the deviations of normal star-forming galaxies from the IRX-β relation of starbursts could be due to the presence of a "second parameter". They suggested this second parameter to be the birthrate parameter, b, which is the ratio of present-to-past SFR. In this scenario, starbursts, which have high-b values, follow a specific relation in the IRX-β plane, driven simply by an increase in total dust obscuration for redder UV colors (larger UV slope β). As the birthrate values decrease, galaxies progressively deviate from the starburst IRX-β relation in a direction, d p , perpendicular to the relation itself. That is, at a given total attenuation L IR /L UV , a galaxy with a lower b would be intrinsically redder in the UV than one with a high-b, due to the contribution of older stellar populations to the UV flux. In a similar venue, Cortese et al. (2008) and Dale et al. (2007 Dale et al. ( , 2009 suggested that the mean age of the stellar population, as traced by the near UV-to-near IR stellar flux ratio and/or by the Hα equivalent width, EW(Hα), is the second parameter. In a recent study of resolved regions in nearby galaxies, Boquien et al. (2012) find that the deviations from the IRX-β relation are driven mainly by the SFH of the region, which determines the intrinsic value of the UV slope (larger for more evolved regions). They also find that variations in the extinction are a secondary effect, and that "traditional" tracers of the population's mean age, e.g., D n (4000) (the spectral break around 4000Å, e.g., Kauffmann et al. 2003) , and the birthrate parameter are poor predictors of the intrinsic UV slope. Seibert et al. (2005) ; Cortese et al. (2006) , and Johnson et al. (2007) , indeed, do not find a direct correlation between mean stellar population age indicators and the spread in the IRX-β relation. Interestingly, Reddy et al. (2010 Reddy et al. ( , 2012 find that at high-redshift, the galaxies that deviate from the IRX-β relation of starbursts are those characterized by young ( 100 Myr) stellar populations, rather than by more evolved populations, as typical in the local Universe. All in all, β is a poor predictor of the amount of dust attenuation in normal star-forming galaxies (Hao et al. 2011) .
A number of authors, however, find that the spread in the IRX-β relation can be attributed to either variations in the dust extinction properties (Gordon et al. 2000; Burgarella et al. 2005; Panuzzo et al. 2007; Inoue et al. 2006; Gil de Paz et al. 2007; Boquien et al. 2009 Boquien et al. , 2012 or to both age and extinction variations (Mao et al. 2012) . Burgarella et al. (2005) ; Johnson et al. (2007) and Boquien et al. (2012) find that larger β values correspond to steeper attenuation, suggesting that variations in the adopted attenuation curve could partly be responsible for the observed spread in galaxies, especially in the locus of the IRX-β diagram corresponding to large values of the overall dust attenuation. Calzetti (2001) ; Boquien et al. (2009 ), and Reddy et al. (2010 showed that adopting different extinction curves and dust geometries can impact the scatter on the IRX-β diagram.
Recently, Overzier et al. (2011) and Takeuchi et al. (2012) revisited the derivation of the starburst IRX-β relation, in order to assess the impact of aperture mis-match in the original data used by Meurer et al. (1999) . These authors combined UV data from the International Ultraviolet Explorer (IU E; 20 x 10 arcsec 2 aperture) with IR photometry from the Infrared Astronomical Satellite (IRAS; 1.5 x 4.7 arcmin 2 at 60 µm). Takeuchi et al. (2012) finds that using aperture-matched data does indeed reduce the overall discrepancy between starbursts and normal star-forming galaxies, although their highest angular resolution, 50" (driven by the AKARI 140 µm PSF), already includes significant contamination from non-starburst populations in the convolved UV GALEX images. When only the starburst regions within the galaxies are measured, Overzier et al. (2011) find that the starburst relation is minimally changed relative to that of Meurer et al. (1999) . We adopt this more recent re-derivation by Overzier et al. (2011, which they call 'M99 inner') as our default starburst IRX-β relation to utilize the advantage of the improved relation and the extensive literature using the Meurer et al.'s relation. However, we recognize that even the Overzier IRX-β relation may still suffer from some limitations due to the mis-matched apertures between the UV and IR fluxes.
Our study aims at investigating and addressing the past difficulties of the spread in the IRX-β relation while removing the need to make assumptions on the characteristics of the dust attenuation in the galaxies. For this goal, we will concentrate on galaxies that span a large range of β values, but are virtually dust-free (or contain only a small amount of dust). Dust-poor star-forming galaxies offer a unique opportunity to explore the impact of stellar population age on the spread in the IRX-β relation, by mitigating or eliminating the need for uncertain assumptions on the dust extinction curve and geometry. This is complementary to all studies attempted so far, which have usually included mostly dusty galaxies (see references above). We will focus on quantifying the impact of the mean stellar age on the spread in the IRX-β relation, but will not attempt to convert the L IR /L UV ratio to an effective UV attenuation, A UV . Our paper is organized as follows: we present our sample in Section 2, Section 3 reviews definitions of the IRX-β relation, Section 4 describes our modeling and fitting routine, Section 5 presents the initial results and analysis of our study, Section 6 discusses the implications of our immediate work and comparisons to prior studies, and finally, we summarize our conclusions in Section 7.
Throughout this paper, we adopt a ΛCMD concordance cosmology model of Ω m = 0.27, Ω Λ = 0.73, and H • = 70 km s −1 Mpc −1 (Komatsu et al. 2011) . All numbers taken from the literature are re-calculated (if necessary) to be consistent with this cosmological model.
SAMPLE SELECTION AND DATA
We have selected a subset of virtually dust-free galaxies from the Spitzer Local Volume Legacy (LVL; Dale et al. 2009 ) survey, which includes predominantly low-metallicity, low-luminosity dwarf and irregular galaxies. All 258 galaxies in the LVL survey are local (D < 11 Mpc) galaxies that avoid the Galactic plane (|b| > 20
• ), and are brighter than B = 15.5 magnitude (Lee et al. 2011) . The LVL sample is built on UV, Hα, and HST (Hubble Space Telescope) imaging from the 11 Mpc Hα and Ultraviolet Galactic Survey (11HUGS; Kennicutt et al. 2008; Lee et al. 2011 ) and the Advanced Camera for Surveys (ACS) Nearby Galactic Survey Treasury (ANGST; Dalcanton et al. 2009 ), providing a statistically robust and complete sample of the nearest galaxies to the Milky Way (MW). The LVL provides an exceptional way to study the star formation activity in a sample of low-mass, low-surface brightness systems that are not flux-limited.
We select our sample of low-dust content galaxies from LVL by requiring that each galaxy satisfies the constraint log L TIR /L FUV ≤ 0.5, resulting in a set of 175 galaxies ( Figure 1 , top panel). This threshold is a compromise between a statistically robust number of galaxies, as to not limit our results by small number statistics, and galaxies that can be considered relatively dust-free (at log L TIR /L FUV = 0.5, our galaxies are attenuated at most by a factor of 1.8 in the FUV GALEX band). This criterion removes one degree of freedom in our analysis and enables us to more accurately pin down the role of stellar population ages for non-starburst galaxies on the IRX-β relation.
However, low-dust content galaxies are typically lowmass galaxies in the local Universe, and there are no large, massive spirals in our sample. Our selection criterion thus places us in a complementary portion of the IRX-β parameter space for normal star-forming galaxies than studied so far by most authors. Our low-dust galaxies span a range in SFR, as measured from the dust-corrected FUV, from 3 × 10 −3 to 0.01 M ⊙ yr −1 , with an average value of SFR FUV = 0.04 M ⊙ yr −1 (Lee et al. 2009a ). Additionally, our galaxies cover a range in SFR/area of 1.3 × 10 −4 < SFR < 8 × 10 Calzetti et al. 2010 ) with an average SFR/area of SFR = 5 × 10 −4 M ⊙ yr −1 kpc −2 , placing our galaxies well in the range of quiescently star-forming systems (Calzetti et al. 2005) .
We require that all the galaxies have available observations at the FUV, NUV, U, B, V, J, H, Ks, IRAC 3.6 µm, MIPS 24 µm, 70 µm, and 160 µm wavelengths. The central wavelengths of each required pass band are listed in Table 1 . FUV and NUV data are readily available for all LVL galaxies from GALEX observations (Lee et al. 2011) , while the 3.6 µm to 160 µm photometric observations are from the MIPS/Spitzer (Multiband Imaging Photometry for Spitzer; Rieke et al. 2004 ) and the IRAC/Spitzer (Infrared Array Camera; Fazio et al. 2004) , from Dale et al. (2009) . For the U, B, and V bands we use photometric data from, in order of preference; the Third Reference Catalogue of Bright Galaxies (RC3; de Vaucoulers et al. 1995; Corwin et al. 1994) , the Vatican Advanced Technology Telescope (VATT; Taylor et al. 2005) , and the Sloan Digital Sky Survey (SDSS; Abazajian et al. 2009 ). The SDSS u ′ , g ′ , r ′ photometry are converted to the Johnson U, B, V magnitude system according to Jester et al. (2005) . U-band observations are required for each galaxy and give the ability to characterize stellar populations over the age range of 0.1 − 1 Gyr. The U−B color is also a strong age discriminator (Whitmore et al. 1999) , albeit somewhat less sensitive than the spectroscopic D n (4000) index that directly targets the stellar photospheric break around 4000Å (Kauffmann et al. 2003) . All optical photometry are acquired from NED. J, H, and Ks bands are obtained from the 2 Micron All Sky Survey (2MASS; Skrutskie et al. 2006 ) catalog, where we use the corrected 2MASS-based fluxes calibrated by Dale et al. (2009) . We have also collected EW(Hα) data for our galaxies (where available) from Kennicutt et al. (2008) .
The photometry is corrected for foreground Galactic extinction with a Milky Way extinction curve (Schlegel et al. 1998) . The extinction correction is directly retrieved from NED for U, B, V, J, H, and Ks. For the GALEX band-passes, we assume A λ /E(B −V ) = 3.1 and derive: A FUV = 8.016 E(B − V ) MW and A NUV = 8.087 E(B − V ) MW , adopting the Milky Way extinction curve parametrized in Fitzpatrick (1999) . We do not correct for foreground extinction data beyond the Ks band. These flux values F λ,corr are used in all of our data analysis.
Our final sample comprises 98 low-dust content galaxies that have the necessary optical band photometry (U, B, and V). Some of our photometric data have upper limits as a result of non-detections (detection below a 5σ threshold) in the IR bands (J band to 160 µm); we have treated upper limits as appropriate in our analysis. Table 2 lists all 98 sources used in our analysis of the IRX-β diagram. Note. -Columns list the (1) Galaxy name, (2) Right Ascension, (3) Declination in J2000 coordinates, (4) Luminosity distance in Mpc, (5) Instantaneous burst (B) or constant (C) SFH of the best-fit model to observations, (6) Age of the best-fit model in Gyr, acquired with SED fitting with the 1σ range, (7) Hα equivalent width (Å), from Kennicutt et al. (2008) , (8) log of the total integrated IR luminosity per solar luminosity L⊙, (9) IRX values of log LTIR/LFUV, and (10) 12+log(O/H) oxygen abundance values for each galaxy (when available) and respective references. Numbers in parentheses indicate uncertainties in the final digit(s) of listed quantities, when available. In some cases, a galaxy SED can be best-fit with both a constant SFR and an instantaneous burst of star formation. We have listed both the constant and bursting model for these galaxies. An age notation of 0.5
Gyr implies a best-fit age of 500 Myr with a 1σ spread in the age ranging from 500 to 900 Myr. For the constant SFR case, the 5 Gyr duration is generally indicated without error bars, because this is the maximum age value we fit. Galaxies may have longer duration. Oxygen abundance references:
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UV Colors
The horizontal axis of the IRX-β diagram was originally the slope β of the UV spectrum: f λ ∝ λ β , as defined by Calzetti et al. (1994) . Later, Kong et al. (2004) proposed a re-definition based on the FUV and NUV GALEX bands to facilitate analysis using the large dataset provided by this mission:
where f FUV and f NUV (erg s −1 cm −2Å−1 ) are the flux density per unit wavelength of the FUV (λ ef f = 1520Å) and NUV (λ ef f = 2310Å) bands, respectively. Here we adopt the β GLX defined by Kong et al. (2004) , for homogeneity with previous works.
The IRX-β Relation
In the original definition of Meurer et al. (1999) , the IRX = log(L IR /L FUV ) included, in the calculation of L IR , only the dust luminosity in the range 42-122 µm. The denominator is the observed FUV luminosity. In the re-definition of Kong et al. (2004) , which we use here, the dust luminosity, L TIR , is the integrated emission in the 8-1000 µm range, while the denominator is still the observed FUV luminosity:
where L TIR is calculated from the MIPS 24, 70, and 160 µm band Spitzer observations, using the recipe of Dale et al. (2002) . L FUV is from the GALEX shortest wavelength photometry. We assume that the stellar light lost in the UV/optical regime to dust is fully recovered in the IR as dust emission, implying that the galaxy average dust scattering is negligible. For sources that have any combination of upper limits for the flux density of 24, 70, or 160 µm, we treat the estimate of the IR luminosity as an upper limit. The calculated luminosities and their uncertainties are listed in Table 2 .
The IRX-β Diagram
As we want to compare our normal star-forming galaxies to the starbursts, we adopt as our reference IRX-β relation the re-derivation of the Meurer et al. (1999) relation by Overzier et al. (2011) . These authors consider the case in which both the UV and IR apertures only include the central starburst regions of galaxies, thus deriving a 'pure starburst' relation which is close to the original one of Meurer et al. (1999) . The starburst relation from Overzier et al. (2011) , which they call 'M99, Inner', reported to our conventions of equations 1 and 2, is: log IRX = log(10 0.4(4.54+2.07βGLX) − 1) + 0.225, (3) and is plotted in Figure 1 together with the 98 galaxies that form our sample. As already known, our galaxies show a large scatter and IR/UV values that are systematically below Eq. 3. We further segregate our sample into the 68 galaxies located below log L TIR /L FUV = 0, which we call "dust-free" galaxies, and the 30 "slightlydusty" galaxies at 0 < log L TIR /L FUV ≤ 0.5 (Figure 1 ). We make this distinction to investigate degeneracies that may be introduced by increasing the dust contribution to the SED of a galaxy.
3.4. Perpendicular Distance d p In order to quantify the deviation of a galaxy from the starburst relation in the IRX-β diagram, Kong et al. (2004) introduced the concept of 'shortest distance' or 'perpendicular distance' d p of a galaxy's position in this diagram from the IRX-β starburst relation:
where (x i , y i ) are the β GLX IRX coordinates of an individual galaxy, (x SB , y SB ) are the β GLX and IRX values of the starburst curve that is closest to the galaxy coordinates (Figure 1) . d p is a dimensionless quantity and
showing the ratio log L TIR /L FUV as a function of the UV color, β GLX , for the entire sample of LVL galaxies. The solid black circles below the dashed line at IRX = 0.5 indicate the sub-set of galaxies with the required photometry to make it in our sample. The dotted line at IRX = 0 (top and bottom panels) indicates the cut-off for the galaxies that we consider dust-free. The solid black line shows the starburst IRX-β relation, determined by a least-squares fit to starburst galaxies as revised by Overzier et al. (2011) . Bottom: The IRX-β diagram for our sample of 98 normal star-forming galaxies. All downward pointing arrows represent galaxies with upper limit values of the total bolometric IR luminosity, L TIR . The perpendicular distance dp represents the shortest distance between a galaxy and the starburst attenuation curve. The dotted line at IRX = 0 indicates the cut-off for the galaxies that we consider dust-free. The angled dashed line in the upper right-hand corner marks the completeness region for sources with dp analysis; the three sources that lie rightward are excluded from all perpendicular distance results. The gray bars represent the 1σ errors.
we will be following the convention of Kong et al. (2004) by assigning a positive d p distance to galaxies that have values of L TIR /L FUV lying above the starburst IRX-β relation and a negative d p to galaxies that lie below the starburst relation. In our specific case, all d p values are negative. In order to guarantee complete sampling and sound statistics of any correlation with d p , we will exclude from our analysis three galaxies that are above the dashed line drawn in the bottom panel of Figure 1 , the d p limit. This ensures statistical completeness along the d p axis for all galaxies within our selection criteria (IRX ≤ 0.5).
MODELING
We derive ages for our galaxies by comparing their FUV-to-Ks band SEDs with spectral synthesis models of stellar populations, modulated by (some) dust attenuation, via χ 2 minimization. As age and extinction are degenerate, we use the FIR data to constrain the total amount of stellar light that can be absorbed by dust and re-processed in the infrared, in order to decrease the number of valid age/extinction solutions our best-fitting routine yields. Details on the procedure are given below.
Generating the Synthetic Spectral Energy
Distributions We generate synthetic models from Starburst99 , with metallicity values of Z = 0.0004, 0.004, 0.008, and 0.020, and with a Kroupa stellar initial mass function (IMF) from 0.1 M ⊙ to 100 M ⊙ , with exponents of 1.3 in the mass range of 0.1 − 0.5 M ⊙ and 2.3 over the mass range 0.5 − 100 M ⊙ . For galaxies with known metal abundance values, we adopt the synthetic models with the closest metallicity value to the measured one. We adopt the Padova stellar evolutionary tracks, with and without the thermally pulsating asymptotic giant branch (AGB). A posteriori, we verify that the stellar evolutionary track has little influence on the results: no galaxy favored the original Padova over the AGB-Padova track. The SED models cover the age range 10 Myr to 5 Gyr, for both constant star formation (C) and for an instantaneous burst (B). The actual SFH of a galaxy will be far more complex than the two simple ones we implement (C or B), and may exhibit a succession of bursts or increasing/decreasing SFH, etc. Our approach, however, covers the extremes in terms of behavior of the UV colors (Calzetti et al. 2005 ), and we expect them to bracket the range of observed colors. We do not aim at determining accurate SFHs, but simply to 'bin' our galaxies, according to this coarser classification.
Luminosities and colors are derived by convolving the generated synthetic SEDs with the spectral response function of all our filters. The convolved fluxes are then compared with the observed fluxes. Dust attenuation (see next section) is applied to the SEDs prior to the filter band-pass convolution. In addition to filter-convolved SEDs, we use Starburst99 to derive the expected values of the: FUV/NIR ratio, U−B colors, and EW(Hα) for each age/metallicity/SFH combination, which we will compare against extinction-corrected observational data.
Dust Attenuation Models
Although our galaxies are selected to have low-dust content, we still implement dust corrections in our fitting routines, in order to recover the intrinsic age/duration. We use, as default, the starburst attenuation curve (Calzetti et al. 2000) , and probe the range of color excess E(B − V ) = [0.0,0.3]. As we will discuss later, our galaxies have best-fit color excesses E(B − V ) 0.08, in agreement with the requirement that they are virtually dust-free. As a test of the robustness of our results, we check the effect of using the Small Magellanic Cloud (SMC; Bouchet et al. 1985) extinction curve with both foreground and homogeneously-mixed geometries (Calzetti 2001) . We find variations in the age determinations 100 Myr for E(B − V ) = 0.07, consistent with our typical uncertainty ( Table 2 ).
Fitting the UV-Optical SED
For each galaxy in our sample, the best-fit models are determined with a χ 2 minimization:
where i represents the i th model SED and we sum over the band-passes (bp) FUV, NUV, U, B, V, J, H, and Ks, giving us seven degrees of freedom in determining the scale factor c i :
We exclude from the fits all data long-ward of Ks, to avoid even marginal dust emission contamination of the stellar fluxes. F obs,bp is the observed flux at each bandpass, σ(F obs,bp ) are accompanying 1σ errors, and F modi,bp is the flux of each individual model, first dust attenuated and then convolved with the filter band-pass (Section 4.1 and 4.2). An example is given in Figure 2 .
The χ 2 i value for each model is then assigned a weight w i = exp(−χ 2 i /2), giving a probability distribution function (PDF) for the galaxy parameters of interest. We accept as valid all models that lie within a factor of three from χ 2 min , and average the resulting parameters of interest: age (duration for the case of constant star formation), metallicity, color excess E(B − V ), and SFH (C or B). This process ensures that we have not selected a single model that fits the observations by chance. With this requirement, there are often times an arbitrarily large number of acceptable models that all provide reasonable fits to the data. We, thus, use conservation of energy to further constrain the number of acceptable models. The total amount of light absorbed by dust in the range 912 − 22, 000Å has to equal the aggregate emission in the infrared (L TIR ) within a factor of two.
In order to test the robustness of our fitting procedure in regard to the assigned SFH (C or B) to each galaxy, we repeat the procedure above, but accept all models that are within a factor of five from χ 2 min . Even with this more relaxed criterion, no galaxy undergoes a switch in the SFH; their designation (C or B) remains unchanged, although the number of acceptable solutions increases, as expected. We thus conclude that the SFH assignment for each galaxy is a robust result, albeit within the limits of the simplified SFHs we explore. For galaxies best-fit by constant star formation, the more relaxed criterion did not translate in a larger range of acceptable parameter values (duration, E(B − V ), metallicity). For galaxies best-fit by instantaneous bursts the range increased; however, in the case of the best-fit age, the increase is never larger than 100 Myr, which is within our typical uncertainty. Because of the limited effect of changing the threshold for acceptable fits, we choose our original selection criterion of keeping all best-fit model solutions within a factor of three from χ 2 min , and use the spread in the resulting parameters to assign the 1σ uncertainty to our results. Table 2 lists the results of our fitting procedure.
Our χ 2 routine is performed using YAFIT in the Java programming language. Six galaxies are well fit with both bursting and constant star forming models; these galaxies have both models listed in Table 2 , but we only show the bursting model in all of our plots. The mean age of each galaxy -as determined from the χ 2 fitting to our models -is shown as a function of the UV color β GLX and of the perpendicular distance d p in Figures 3 and 4 , respectively. We also list both the Spearman rank ρ and Kendall τ correlation coefficients 4 as determined for nearly every variable in our study as a function of both β GLX and d p in Tables 3, 4 , and 5 for instantaneous burst galaxies, constant star-forming galaxies, and the entire sample, respectively. In the Tables, we separate the samples into subsets on the IRX-β diagram, performing statistics on the galaxies below and above log L TIR /L FUV = 0. We use both correlation coefficients as they have different interpretations. Usually the values returned by both statistics are very similar; when discrepancies occur, we adopt the lower (i.e., less significant) value.
RESULTS AND ANALYSIS

Mean Best-Fit Age of the Stellar Populations
In both Figures 3 and 4 we observe that galaxies better described by an instantaneous burst ('B-galaxies' from now on) show a stronger trend with both β GLX and d p than galaxies better described by constant star formation ('C-galaxies' from now on). The visual impression is supported by the correlation coefficient analysis: we find that the correlation between age and β GLX has a significance between 4σ and 5σ for B-galaxies, and is stronger than that between age and d p . C-galaxies are not only mostly uncorrelated with both parameters, but show a build up at 5 Gyr, the oldest age value we consider. This build up is likely artificial, and simply means that most of our C-galaxies have star formation lasting over timescales longer than 5 Gyr.
The expectation from Starburst99 for the trend between age and β GLX is shown in Figure 3 , for all four of model Starburst99 metallicity values: Z = 0.0004 (∼1/30 solar), 0.004, 0.008, and 0.02 (∼1.4 solar). This is roughly the same range observed for our sample galaxies (see next section), which has median value 1/4th so- The mean age of each galaxy as a function of β GLX for galaxies that are best-fit with constant SFRs (circles). Open symbols represent galaxies with an IRX value of 0 < log L TIR /L FUV ≤ 0.5 and filled symbols represent galaxies with an IRX value of log L TIR /L FUV ≤ 0. The vertical error bars represent the range of acceptable model ages for each galaxy. The lines are predicted trends for the age as a function of β GLX by Starburst99 models for constant star-forming (dotted) systems at metallicities of Z = 0.0004, 0.004, 0.008 and 0.02. Bottom: The age of each galaxy as a function of β GLX for galaxies that are bestfit with bursting SFRs (squares). The solid black line represent the least-squares fit to the entire sample of bursting galaxies. The dotted lines are the predicted trends for the age as a function of β GLX from Starburst99 models for burst galaxies.
lar. No corresponding model expectation can be reported for the the perpendicular distance d p , as this quantity is not directly measurable from synthetic stellar population SEDs.
The trend marked by the model predictions for Bgalaxies is in remarkable agreement with the observed trend for the Age-β GLX (bottom panel of Figure 3) , and is better than what one could tentatively expect given the coarseness of our SFH bins (B or C). The low-metallicity model trend overlaps almost entirely with the best-fitting curve to the data, which we determine with LevenbergMarquandt algorithm for non-linear least squares optimization:
log Age(β GLX ) = log[10
and is shown in the bottom panel of Figure 3 . The line in Eq. 7 is bracketed by the models at Z = 0.0004 and Z = 0.004 (i.e., ∼1/30 to 1/3 solar), in agreement with the range of metallicity values of most of our bursting galaxies (see Figure 6 below).
As already remarked above, the correlation between age and d p is usually weak or non-significant, with the only exception of B-galaxies with IRX ≤ 0, for which we find a 4σ significance (Table 3) . The mean age of each galaxy as a function of perpendicular distance dp for galaxies that are best-fit with a constant SFR (circles). The symbol are the same as in Figure 3 . The vertical error bars represent the range of acceptable model ages for each galaxy. Bottom: The age of each galaxy as a function of perpendicular distance dp for galaxies that are best-fit with a bursting SFR (squares).
The Color Excess E(B − V ) and the Metallicity
The extinction to be applied to the stellar population models necessary to reproduce the observations is one of the outputs of our fits, and is expressed as the color excess E(B − V ). Figure 5 shows E(B − V ) as a function of β GLX and d p . As expected, galaxies in the range 0 < IRX ≤ 0.5 have a higher average E(B − V ) value than galaxies with IRX ≤ 0. We find no correlation between the color excess of the best-fit model of each galaxy to the UV color β GLX , as may be expected for our lowextinction systems: our galaxies are attenuated at most by a factor of 1.8 in the FUV. A weak trend is observed between E(B −V ) with d p (Figure 5 , bottom panel) with an increase in the color excess as a galaxy lies closer to the starburst IRX-β relation. This is in the opposite direction of what one would expect if the deviations from the IRX-β relation were driven by increased dust attenuation. However, none of these trends is statistically significant (Tables 3, 4 , and 5).
Oxygen (12+log(O/H)) abundance measurements are available for 61% of the galaxies in our sample (60/98) from the literature, listed in Table 2 . Since metallicity is a parameter we allow to vary in the Starburst99 spectra, we require that the models match the galaxy's measured metal abundance. If there is no metallicity known a priori, the metallicity of the synthetic SEDs are allowed to accept any metallicity between Z = 0.0004 to 0.02. We elect not to estimate metallicity values for galaxies without a directly measured nebular oxygen abundance. Typical estimates (e.g., mass-metallicity relation) have a 2σ scatter that is only a factor of two smaller than our full metallicity range (Tremonti et al. 2004) . The metallicity values inferred would thus have too much uncertainty to yield useful information. Over 93% of the galaxies in our Figure 3 . The three error bars indicate the mean 1σ uncertainty error, where the error in both β and dp is constant but the error in E(B − V ) increases with increasing color excess. Bottom: The color excess E(B − V ) of the best-fit model for each galaxy as a function of the perpendicular distance dp.
sample with known metallicity lie below the solar metallicity value, in agreement with the expectation that the dust-poor LVL galaxies are also generally metal-poor.
As for the color excess, we find no significant correlation between the metal content of our galaxies and either β GLX or d p (Figure 6 ).
Other Estimators of Mean Stellar Population Age
The U−B color is a sensitive indicator of a stellar population mean age (Figure 7) . The two filters straddle the break at 4000Å, which is the strongest discontinuity in the UV-to-NIR spectrum of a stellar population, and arises because of the sharp opacity edge produced by the accumulation of a large number of spectral lines in a narrow wavelength region (Bruzual 1983; Kauffmann et al. 2003) . The discontinuity is small in young, massive stars, because the elements that produce the lines are multiply ionized, but increases as the population ages. We employ the extinction-corrected U−B color, expressed as the ratio of the U-to-B luminosity, as an indicator of the stellar population mean age, and plot it as a function of both β GLX and d p (Figure 7) . Predictions from the Starburst99 models are also shown for the U−B versus β GLX plot. Both B-galaxies and C-galaxies have significant correlation with β GLX at the 5σ level when combined together (Table 5) . The model expectations are in reasonable agreement with the data; the major deviations are observed for the galaxies in the highest IRX Oxygen abundance measurements as a function of the UV color β GLX . The squares represent galaxies that are best-fit with bursts and circles represent galaxies that are bestfit with constant SFRs. The size of the circles/squares represents the age for the best-fit models, shown in the right-hand panel. Open symbols represent galaxies with an IRX value of 0 < log L TIR /L FUV ≤ 0.5 and filled symbols represent galaxies with an IRX value of log L TIR /L FUV ≤ 0. The gray bars represent the 1σ errors. The dotted horizontal line represents the solar metallicity value. Bottom: 12+log(O/H) measurements as a function of the perpendicular distance dp.
bin (IRX > 0), which also tend to have the largest error bars (Figure 7, top panel) . No significant correlation (both Spearman and Kendall coefficients indicating below 4σ significance) is observed between U−B and d p . This, together with the results of section 5.1, leads us to conclude that the mean stellar population age, as traced by U−B colors, is not responsible for the perpendicular deviation of normal star-forming galaxies from the starburst attenuation relation.
Birthrate Parameter
The birthrate parameter, b, is the ratio of the current star formation to its overall lifetime average (Kennicutt et al. 2008) . Following previous studies, we use both the ratio of the FUV to near-IR (NIR) luminosities and the EW(Hα) as proxies for the birthrate parameter. We correct both parameters for the effects of dust attenuation using the best-fit E(B − V ) of Figure  5 for each galaxy, instead of employing mean correction factors like other studies (Cortese et al. 2006; Dale et al. 2009 ). It should be remembered that, in bursting galaxies, the FUV-to-NIR ratio and the EW(Hα) are better proxies of the mean age of the young populations than of the birthrate parameter as the SED is dominated by the most recent stellar population. The extinction-corrected U−B colors as a function of the perpendicular distance dp.
The FUV to NIR Luminosity Ratio
The FUV (1520Å) traces star formation activity over very recent times (∼100 Myr) while the NIR (3.6 µm) traces the total stellar mass built up over much longer timescales (Dale et al. 2009 ). The ratio roughly gives the SFR per unit stellar mass, providing a normalized measure of the star formation activity, but is very sensitive to extinction effects, which, as mentioned above, we remove, by correcting the FUV luminosity. The effect of dust extinction on the 3.6 micron luminosity is negligible. The FUV/NIR ratio is calculated as: Figure 8 shows the extinction-corrected FUV/NIR ratio as a function of β GLX and d p in the top and bottom panel, respectively. There is considerable spread between the FUV/NIR and d p for the whole sample and we do not find any correlation between these two quantities. When we only examine the galaxies at IRX ≤ 0, there is a correlation with modest significance (4σ or below; Table  5 ) between the FUV/NIR ratio vs d p . These results are quantitatively consistent with those of Dale et al. (2009) , when we limit their sample to the IRX ≤ 0.5 galaxies only.
Conversely, we find a significant correlation between Figure 7 . Bottom: The extinction-corrected FUV/NIR ratio of each galaxy as a function of dp, the perpendicular distance to the starburst IRX-β relation.
the FUV/NIR ratio and β GLX , with values of the correlation coefficients between 5σ and 6σ. This is the strongest correlation we find in our entire analysis. The expectations from the Starburst99 models reproduce well the observes trend. As in previous cases, the low-metallicity models agree with the data better than the high-metallicity models, as one would expect from the fact that our sample is mostly populated by lowmetallicity galaxies.
Hα Equivalent Width
The EW(Hα) is less sensitive than the FUV/NIR ratio to the effects of dust attenuation, but still needs to be corrected for it, because of the differential attenuation affecting the line emission (originating from HII regions surrounding the youngest stars, and, thus, sensitive to timescales <10 Myr) and the underlying continuum (originating from older stars over much longer timescales; Kennicutt et al. 1994) . The differential attenuation between line and continuum has been reported by multiple authors (e.g., Calzetti et al. 1994; Hao et al. 2011 ) and we implement it as: EW(Hα) corr = EW(Hα)·10 (9) where k(Hα) is the attenuation measured in the continuum, using the attenuation curve of Calzetti et al. (2000) . We take the EW(Hα) for our sample from the measurements of (Kennicutt et al. 2008 ), which we cor- Figure 7 . Bottom: The extinctioncorrected EW(Hα) of each galaxy as a function of the perpendicular distance dp.
rect for [NII] contamination using the [NII] measurements from the same paper. We obtain EW(Hα) corr values for 93 out of 98 galaxies, reported in Figure 9 as a function of both β GLX and d p . For the plot as a function of β GLX , expectations from the Starburst99 models are also shown.
Both trends are significant at the ∼5σ level (Table 5 ) for the whole sample, implying that the EW(Hα) decreases both for larger β GLX (redder UV colors) and larger distance d p from the starburst relation. The models bracket the observed values, although only the constant star formation model at low-metallicity goes through the data points. This lack of overlap may not be surprising, as the Hα emission is extremely sensitive to the most recent star formation, while our SED modeling (which did not include line emission) is sensitive only to star formation timescales of 100 Myr (FUV) or longer. Thus, even a modest burst of star formation would increase the EW(Hα), without necessarily affecting the UV colors, especially if the burst occurs in a dust-obscured region Zaritsky et al. 2004 ). This is a limitation of our study; by modeling only the continuum SED, we do not capture the exact timescale of the star formation. This limitation is compounded by the fact that we do not have sufficient information to include, in our modeling, variations of dust attenuation across each galaxy.
DISCUSSION
Dust-poor star-forming galaxies offer a unique opportunity to explore the impact of stellar population age on the spread in the IRX-β relation, by mitigating or eliminating the need for uncertain assumptions on the dust extinction curve and geometry.
When the FUV-to-NIR SED of galaxies can be modeled by a burst of star formation, we find significant correlations (significance of 4σ or higher as evaluated from the Spearman and Kendall coefficients) between stellar population mean age estimators and β GLX , i.e., the measured UV color. Specifically, β GLX correlates with the mean age directly obtained from the SED fitting, and with proxies for the mean age: the FUV/NIR ratio and the U−B color. For galaxies whose FUV-to-NIR SED is best approximated with constant star formation, β GLX is best correlated with the FUV/NIR ratio and the EW(Hα), which here represents a proxy for the birthrate parameter. The combined sample also show the strongest correlations (significance of 5σ or higher) with age/duration proxies: U−B color, FUV/NIR ratio, and EW(Hα). In most cases, the correlation with the perpendicular distance d p is not significant, or is considerably less significant than the correlation with β GLX , except for the case in which the dependent variable is the EW(Hα). In summary, our data allow us to conclude that: (1) variations in the mean age of the stellar population can account for the spread in the IRX-β relation in low-dust-content galaxies; and (2) that the spread is better correlated with β GLX than with d p .
While a dependency of the spread on the mean age, and/or birthrate parameter, and/or SFH has been already suggested (e.g., Kong et al. 2004; Dale et al. 2009; Muñoz-mateos et al. 2009; Boquien et al. 2012) , this dependency has always been suggested to be a function of the perpendicular distance (i.e., shortest distance) from the starburst relation. Our results show that the main independent variable is the observed UV color, as measured by β GLX . Our analyses do not support earlier results that disfavor the role of the age/birthrate of the stellar population (e.g., Seibert et al. 2005; Cortese et al. 2006; Johnson et al. 2007) . We suspect these results may have been affected by the degeneracy between age and dust attenuation, as they have analyzed galaxies with a large range of dust content.
A majority of the galaxies in the LVL survey shows evidence that the outer edges were older than the inner regions of the galaxies (Dale et al. 2009 ). Our simplistic treatment of the SFH of our sample galaxies is unlikely to have captured these complexities, beyond attributing a luminosity-weighted age to the observed SEDs. However, the old central stellar populations in the LVL galaxies may account for the observed spread in the IRX-β relation, and explain their deviations from the starburst attenuation curve. Indeed, many studies that focus on the galactocentric behavior of the IRX-β relation find a trend between the distance of a region from the galaxy center and its location on the IRX-β diagram (Gordon et al. 2004; Calzetti et al. 2005; Pérez-González et al. 2006; Thilker et al. 2007; Muñoz-mateos et al. 2009; Boquien et al. 2009 Boquien et al. , 2012 Mao et al. 2012) .
Our metal-poor galaxies do not display a correlation between either metallicity and β GLX or metallicity and d p , independently of their SFH (bursting or constant).
This means that galaxies with redder UV spectral colors do not necessarily represent galaxies with higher metallicities. This is different from what found by Cortese et al. (2006) , where a correlation, at the 3σ level, was observed between metallicity and d p . Our strongest correlation is less than 2σ. We interpret this discrepancy as an effect of the primary correlation between IRX and β GLX (the starburst relation) in the Cortese et al.'s data, rather than an effect of the secondary correlation (that drives the spread around the primary relation). In fact, the sample analyzed by Cortese et al. (2006) contains mostly dust-rich galaxies.
SUMMARY AND CONCLUSIONS
We have modeled the multi-wavelength, FUV-to-FIR, SEDs of 98 nearby (≤11 Mpc) star-forming galaxies selected from the Spitzer LVL survey to contain little or no dust on the IRX-β diagram (IRX = log L TIR /L FUV ≤ 0.5). On account of this selection, our sample contains mostly low-metallicity dwarf and irregular galaxies, although it still displays a significant spread in β.
With an average SFR FUV of 0.04 M ⊙ yr −1 (Lee et al. 2009a,b) and a mean SFR/area ∼5×10 −4 M ⊙ yr Calzetti et al. 2010) , our galaxies are representative of local, normal star-forming systems.
Synthetic model spectra are generated from Starburst99, with two simple star formation histories (instantaneous bursts and constant star formation) in the age range 10 Myr to 5 Gyr, a Kroupa IMF, and a range of metallicity values from Z = 0.0004 to 0.020. For the 2/3 of the sample with measured oxygen abundances, we match the models to the measured metallicity. Although our systems tend to be dust-poor, we still apply dust attenuation to the model SEDs, using the starburst curve of Calzetti et al. (2000) .
We then plot the model-fitted ages (durations, for the constant star formation models) and other estimators of age/duration, such as FUV/NIR ratio, the U−B color, and the EW(Hα) against both the measured UV colors (β GLX ) and the perpendicular distance d p from the starburst IRX-β relation of Overzier et al. (2011) . In order to avoid any impact from dust attenuation, we plot the extinction-corrected values of the age/duration estimators, using the color excess values returned by the best-fit model SEDs. The observed trends between age/duration estimators and UV color are also compared against direct predictions from the Starburst99 models. Finally, we explore the color excess and oxygen abundance as a function of both β GLX and d p .
Our main results can be summarized as follows:
1. The galaxies show a clear trend between age estimators (extinction-corrected FUV/NIR, EW(Hα), and U−B) and the UV color, β GLX . These trends are mostly driven by the galaxies that are best-fit with instantaneous bursts (as opposed to constant star-formation);
2. The instantaneous burst galaxies also show a correlation between UV colors and the age directly determined from the best-fit SED model;
3. Conversely, we usually find non-significant correlations between any parameter and the perpendicular distance d p , with the only exception of the 3.6σ 3.8σ 4.0σ 0.7σ 0.4σ EW(Hα) vs dp 33 ρ = 0.60 τ = 0.40 24 ρ = 0.73 τ = 0.57 9 ρ = −0.32 τ = −0.39 3.3σ 3.3σ 3.8σ 3.7σ 1.0σ 1.5σ
Note. -The Spearman (ρ) and Kendall (τ ) rank correlation coefficients for the variables shown in the first column for (1) the entire sample of bursting galaxies, (2) the bursting galaxies in the range IRX = log LTIR/LFUV ≤ 0, and (3) the galaxies in the range 0 < log LTIR/LFUV ≤ 0.5, where N represents the number of galaxies in each sample. Below the correlation coefficients are the significance of the correlation assuming Gaussian statistics. Values that are bold have a significance of 4.5σ or greater. 4.0σ 3.8σ 3.9σ 1.2σ 1.4σ EW(Hα) vs dp 57 ρ = 0.47 τ = 0.37 40 ρ = 0.61 τ = 0.44 17 ρ = 0.44 τ = 0.34 3.7σ 4.1σ 3.8σ 4.0σ 1.8σ 1.9σ
Note. -The Spearman (ρ) and Kendall (τ ) rank correlation coefficients for the variables listed in the first column for (1) the entire sample of constant star-forming galaxies, (2) the constant star-forming galaxies in the range log LTIR/LFUV ≤ 0, and (3) the galaxies in the range 0 < log LTIR/LFUV ≤ 0.5, where N represents the number of galaxies in each sample. Below the correlation coefficients are the significance of the correlation assuming Gaussian statistics. Values that are bold have a significance of 4.5σ or greater. 
